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MOLYBDENUM COMPOUND POWDER,
PREPREG, AND LAMINATE

TECHNICAL FIELD

The present invention relates to a novel molybdenum com-
pound powder, a resin composition and a prepreg using the
same, and a laminate and a metal foil-clad laminate using the

prepreg.
BACKGROUND ART

In recent years, higher integration, higher functionality,
and higher density mounting of semiconductors widely used
in electronic equipment, communication instruments, per-
sonal computers, and the like have been increasingly accel-
erated. Therefore, the demand for higher performance of a
thermal expansion coefficient, drillability, heat resistance,
flame retardancy, and the like in laminates for semiconductor
plastic packages has increased more than ever before.

In addition to these, a reduction in the thermal expansion
coefficient of the laminate in the planar direction has been
strongly required, particularly in recent years. This is
because, if the difference in thermal expansion coefficient
between a semiconductor device and a printed wiring board
for a semiconductor plastic package is large, when a thermal
shock is applied, warpage occurs in the semiconductor plastic
package due to the difference in the thermal expansion coef-
ficient, and poor connection occurs between the semiconduc-
tor device and the printed wiring board for a semiconductor
plastic package, and between the semiconductor plastic pack-
age and the mounted printed wiring board.

Conventionally, methods of relatively highly blending an
inorganic filler in a resin composition in order to decrease the
thermal expansion coefficient while satisfying various prop-
erties required of a laminate have been known (for example,
see Patent Literatures 1 and 2). However, a problem of these
methods is that the cured product of the resin composition is
hard and brittle, and therefore, when a laminate obtained
using this is drilled, the drillability is worsened, for example,
the hole position precision decreases, the drill bit wears
quickly and thus the frequency of the replacement of the drill
bit increases, and the breakage of the drill bit is likely to occur.

On the other hand, as methods for improving the drillabil-
ity of a laminate, methods of blending a molybdenum com-
pound, such as zinc molybdate or calcium molybdate, in a
resin composition have been known (for example, see Patent
Literature 3).

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent [aid-Open No. 2004-
059643

Patent Literature 2: Japanese Patent [aid-Open No. 2009-
120702

Patent Literature 3: Japanese Patent [aid-Open No. 2011-
137054

SUMMARY OF INVENTION
Technical Problem

However, as described in Patent Literature 3, a problem is
that when particles of a molybdenum compound are simply
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blended in a resin composition, the heat resistance of the
cured product of the resin composition decreases.

The present invention has been made in view of the above
problems, and it is an object of the present invention to pro-
vide a novel surface-treated molybdenum compound powder
useful, for example, as a filler of a resin composition, and a
resin composition using the same, and a prepreg.

It is another object of the present invention to provide a
laminate, a metal foil-clad laminate, and a printed wiring
hoard that have a low thermal expansion coefficient in the
planar direction, have relatively excellent drillability and heat
resistance though an inorganic filler is blended, and further
also have excellent flame retardancy.

Solution to Problem

The present inventors have studied diligently for solving
such problems, and, as a result, found that the above problems
are solved by using a surface-treated molybdenum compound
powder having at least part of the surface thereof coated with
an inorganic oxide, thus arriving at the present invention.

Specifically, the present invention provides the following
<1>to <21>.
<1> A surface-treated molybdenum compound powder hav-
ing at least part of a surface thereof coated with an inorganic
oxide.
<2> The surface-treated molybdenum compound powder
according to the above <1>, comprising:

a core particle comprising a molybdenum compound; and

the inorganic oxide formed on at least part of a surface of
the core particle.
<3> The surface-treated molybdenum compound powder
according to the above <1> or <2>, wherein the molybdenum
compound is at least one selected from the group consisting of
zinc molybdate, molybdenum trioxide, ammonium molyb-
date, and a molybdenum hydrate.
<4> The surface-treated molybdenum compound powder
according to any one of the above <1> to <3>, wherein the
inorganic oxide is at least one selected from the group con-
sisting of silica, titania, alumina, and zirconia.
<5> The surface-treated molybdenum compound powder
according to any one of the above <1> to <4>, wherein the
inorganic oxide has a thickness of 3 to 500 nm.
<6> The surface-treated molybdenum compound powder
according to any one of the above <2> to <5>, wherein the
core particle has an average particle diameter of 0.1 to 30 pm.
<7> A filler comprising the surface-treated molybdenum
compound powder according to any one of the above <1>to
<6>.
<8> A resin composition comprising the surface-treated
molybdenum compound powder according to any one of the
above <1>to <6> (A), an epoxy resin (B), a curing agent (C),
and an inorganic filler (D).
<9> The resin composition according to the above <8>,
wherein a content of the surface-treated molybdenum com-
pound powder (A) is 0.2 to 30 parts by mass based on 100
parts by mass of a total of resin solid components.
<10> The resin composition according to the above <8> or
<9>, wherein the curing agent (C) is at least one selected from
the group consisting of a cyanate ester compound, a phenolic
resin, and a BT resin.
<11> The resin composition according to the above <10>,
wherein the cyanate ester compound is a naphthol aralkyl-
based cyanate ester compound represented by the following
general formula (8) and/or a phenol novolac-based cyanate
ester compound represented by the following general formula

9):
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[Formula 1]
®
OCN OCN
Rl 1 Rl 1
|
\ Il{l 1 ll{l 1 \ \

wherein R'! each independently represents a hydrogen atom
or a methyl group, and q represents an integer of 1 or more;

[Formula 2]

®
_ /OCN 1{11 _ /OCN 1{11 _/OCN
Q;“ \ / [/

wherein R'! each independently represents a hydrogen atom
or a methyl group, and q represents an integer of 1 or more.

<12> The resin composition according to the above <10>,
wherein the phenolic resin is at least one selected from the
group consisting of a cresol novolac-based phenolic resin, an
aminotriazine novolac-based phenolic resin, a naphthalene-
based phenolic resin, a naphthol aralkyl-based phenolic resin
represented by the following general formula (10), and a
biphenyl aralkyl-based phenolic resin represented by the fol-
lowing general formula (11):

[Formula 3]
10
OH 12 12 OH
7 /m I|{ I|{ 7 N 2 N
TR (K T
~ R2 R2 A N

n

wherein R'? each independently represents a hydrogen atom
or a methyl group, and n represents an integer of 1 or more:

[Formula 4]
an
OH OH
R12 R12
A ] AN
i\ L
>~ R12 R12 ~ /

wherein R'? each independently represents a hydrogen atom
or a methyl group, and n represents an integer of 1 or more.

<13> The resin composition according to the above <12>,
wherein the phenolic resin is a naphthol aralkyl-based phe-
nolic resin represented by the following general formula (10)
and/or a biphenyl aralkyl-based phenolic resin represented by
the following general formula (11):
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[Formula 5]
(10)
OH 12 12 OH
P Y ANAA
HLO-O
~ e IR S N

n

wherein R'? each independently represents a hydrogen atom
or a methyl group, and n represents an integer of 1 or more;

[Formula 6]
(n
OH OH
RI2 R12
2~ ] o Rl
: ? ?_\)
RS RI2 R12 x /

wherein R'? each independently represents a hydrogen atom
or a methyl group, and n represents an integer of 1 or more.

<14> The resin composition according to any one of the
above <8> to <13>, wherein the epoxy resin (B) is an epoxy
resin represented by the following general formula (1) and/or
the following general formula (3a):

[Formula 7]
M
0—G R R* O0—G
I I |1
H—A:! C—ArP+-C—Ar! H
I O

n

wherein herein Ar' and Ar* each independently represent an
aryl group which is a substituent derived from a monocyclic
or polycyclic aromatic hydrocarbon that is a phenyl group, a
naphthyl group, or a biphenyl group, R* each independently
represents a hydrogen atom or a methyl group, R* and R” each
independently represent a hydrogen atom, an alkyl group, or
an aryl group, m represents an integer of 1 to 5, n represents
an integer of 1 to 50, and G represents a glycidyl group:

[Formula 8]
Ba)

R!

wherein R* each independently represents a hydrogen atom
or a methyl group, Ar® and Ar* each independently represent
a naphthylene group or a phenylene group, both groups may
each have an alkyl group having 1 to 4 carbon atoms or a
phenylene group as a substituent, R? each independently rep-
resents a hydrogen atom, an alkyl group having 1 to 4 carbon
atoms, or an aralkyl group represented by the following gen-
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eral formula (4), m and n are each independently an integer of
0to 4 provided that either one of m and nis 1 or more, R? each
independently represents a hydrogen atom, an aralkyl group
represented by the following general formula (4), or an epoxy
group-containing aromatic hydrocarbon group represented
by the following general formula (5), where in the above
general formula (3a), a bonding position to a naphthalene
structure part may be either of two benzene rings constituting
the naphthalene structure part;

[Formula 9]

Q)

(4

wherein R* and R® each independently represent a hydrogen
atom or a methyl group, Ar’ represents a phenylene group, a
phenylene group or a naphthylene group in which 1 to 3
hydrogen atoms are each nucleus-replaced by an alkyl group
having 1 to 4 carbon atoms, or a naphthylene group in which
1 to 3 hydrogen atoms are each nucleus-replaced by an alkyl
group having 1 to 4 carbon atoms, and o is a number of 0.1 to
4 on average;

[Formula 10]

®

wherein R® represents a hydrogen atom or a methyl group,
ArS represents a naphthylene group or a naphthylene group
having an alkyl group having 1 to 4 carbon atoms, an aralkyl
group, or a phenylene group as a substituent, and p is an
integer of 1 or 2.

<15> The resin composition according to any one of the
above <8> to <14>, further comprising a maleimide com-
pound (E).

<16> The resin composition according to any one of the
above <8> 1o <15>, wherein a content of the epoxy resin (B)
is 5 to 60 parts by mass based on 100 parts by mass of the total
of the resin solid components.

<17> The resin composition according to any one of the
above <> to <16>, wherein a content of the curing agent (C)
is 10 to 70 parts by mass based on 100 parts by mass of the
total of the resin solid components.

<18> A prepreg obtained by impregnating or coating a sub-
strate with the resin composition according to any one of the
above <8>to <17>.

<19> A laminate obtained by laminating and molding the
prepreg according to the above <18>.

<20> A metal foil-clad laminate obtained by laminating and
molding the prepreg according to the above <18> and a metal
foil.

<21> A printed wiring board comprising an insulating layer
and a conductor layer formed on a surface of the insulating
layer, wherein
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the insulating layer comprises the resin composition
according to any one of the above <8>to <17>.

Advantageous Effects of Invention

According to the present invention, a novel surface-treated
molybdenum compound powder useful, for example, as a
filler of a resin composition, and a resin composition and a
prepreg using the same can be realized. By using this surface-
treated molybdenum compound powder as a filler of a resin
composition, relatively high drillability and heat resistance
are maintained, and therefore, a laminate, a metal foil lami-
nate, a printed wiring board, and the like that have a low
thermal expansion coefficient in the planar direction, excel-
lent drillability and heat resistance, and further also excellent
flame retardancy can be realized simply and with good repro-
ducibility.

Therefore, according to the present invention, a laminate
and the like in which the various performance is achieved at a
high level though an inorganic filler is blended can be pro-
vided. In addition, a novel and high performance material
especially useful in semiconductor package applications and
the like in which such various properties are required can be
provided.

DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described
below. The following embodiments are illustrations for
explaining the present invention, and the present invention is
not limited only to the embodiments.

(Surface-Treated Molybdenum Compound Powder)

A surface-treated molybdenum compound powder in this
embodiment has in least part of the surface thereof coated
with an inorganic oxide. More specifically, the surface-
treated molybdenum compound powder in this embodiment
has a core particle comprising a molybdenum compound, and
aninorganic oxide formed on at least part of the surface of this
core particle.

The surface-treated molybdenum compound powder in
this embodiment is a set of molybdenum compound particles
on the surfaces of which an inorganic oxide is provided, and
not only the heat resistance is increased by the inorganic
oxide present on the particle surfaces, but the molybdenum
compound ofthe core particles effectively acts on drilling and
the like. Therefore, by using this surface-treated molybdenum
compound powder, for example, as a filler for a laminate or
the like, both two conflicting properties, drillability and heat
resistance, which cannot be achieved with the use of a con-
ventional filler, can be achieved at a high level.

The molybdenum compound to be the core particle com-
prises molybdenum in the molecule. Specific examples of the
molybdenum compound include, but are not particularly lim-
ited to, molybdenum compounds, such as zinc molybdate (for
example, ZnMoO, and Zn;Mo,0,), ammonium molybdate,
sodium molybdate, calcium molybdate, potassium molyb-
date, molybdenum disulfide, molybdenum trioxide, and
molybdenum hydrates. One ofthese can be used alone, or two
or more of these can be used in combination. In terms of use
as a filler, those that do not function as organometallic cata-
lysts, for example, molybdate compounds, molybdenum
oxides, or molybdenum hydrates, are preferred. In terms of
achieving both the above-described drillability and heat resis-
tance, zinc molybdate, ammonium molybdate, molybdenum
trioxide, and molybdenum hydrates are more preferred.

The average particle diameter (D50) of the core particles
comprising the molybdenum compound can be appropriately
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set according to the desired performance, and is not particu-
larly limited. Considering the above-described drillability
and heat resistance and further dispersibility, the average
particle diameter (D50) is preferably 0.1 to 30 um, more
preferably 0.5 to 20 um. Here, the average particle diameter
(D50) means a median diameter, and is a value in which the
larger side and the smaller side when the measured particle
size distribution of a powder is divided into two are equiva-
lent, herein. This average particle diameter (D50) means a
value when 50% of the total volume is reached when the
particle size distribution of a powder introduced in a prede-
termined amount into an aqueous dispersion medium is mea-
sured by a laser diffraction scattering particle size distribution
measuring apparatus and the volumes are summed from a
small particle.

The above core particles comprising the molybdenum
compound can be manufactured by various known methods,
such as a pulverization method and a granulation method, and
the method for manufacturing the core particles is not par-
ticularly limited. In addition, commercial products of the core
particles are commercially easily available.

An inorganic oxide is provided on the surface of the core
particle comprising the molybdenum compound, that is, the
outer periphery of the core particle. For the inorganic oxide
coating the molybdenum compound powder, those having
excellent heat resistance are preferred. The type of the inor-
ganic oxide is not particularly limited, and metal oxides are
preferred. Specific examples of the metal oxides include, but
are not particularly limited to, SiO,, Al,O;, TiO,, ZnO,
In, 05, SnO,, NiO, Co0O, V,05, CuO, Mg0O, and ZrO,. One of
these can be used alone, or two or more of these can be used
in combination. Among these, in terms of heat resistance,
insulation properties, cost, and the like, silica, titania, alu-
mina, and zirconia are preferred, and silica is more preferred.

Here, the inorganic oxide should be provided on at least
part of the surface of the core particle. In other words, the
inorganic oxide may be partially provided on the surface of
the core particle, or provided so as to cover all the surface of
the core particle. On the other hand, in terms of achieving
both the above-described drillability and heat resistance, it is
preferred that the inorganic oxide is generally uniformly pro-
vided so as to cover all the surface of the core particle, that is,
a film of the inorganic oxide is generally uniformly formed on
the surface of the core particle.

The thickness of the inorganic oxide coating the surface of
the core particle comprising the molybdenum compound can
be appropriately set according to the desired performance,
and is not particularly limited. In terms of forming a uniform
film of the inorganic oxide, and further in terms of more
significantly exhibiting the effect of improving the above-
described drillability, and providing higher heat resistance,
the thickness is preferably 3 to 500 nm, more preferably 10to
200 nm, and further preferably 15 to 100 nm.

The method for manufacturing the surface-treated molyb-
denum compound powder in this embodiment is not particu-
larly limited. For example, the surface-treated molybdenum
compound powder in this embodiment can be obtained by
providing an inorganic oxide or a precursor thereof on the
surfaces of core particles comprising a molybdenum com-
pound, appropriately using various known methods, such as a
sol-gel method, a liquid phase deposition method, an immer-
sion coating method, a spray coating method, a printing
method, an electroless plating method, a sputtering method, a
vapor deposition method, an ion plating method, and a CVD
method. Therefore, the method for providing an inorganic
oxide or a precursor thereof on the surfaces of core particles
comprising a molybdenum compound may be either a wet
method or a dry method.
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Examples of preferred methods for manufacturing the sur-
face-treated molybdenum compound powder in this embodi-
ment include a method of dispersing a molybdenum com-
pound powder (core particles) in an alcohol solution in which
a metal alkoxide, such as a silicon alkoxide or an aluminum
alkoxide, is dissolved, and dropping a mixed solution of
water, an alcohol, and a catalyst while stirring the dispersion
to hydrolyze the alkoxide to form a film of silicon oxide,
aluminum oxide, or the like on the powder surface as a low
refractive index film, then subjecting the powder to solid-
liquid separation and vacuum drying, and then subjecting the
powder to heat treatment as in the above. Examples of other
preferred manufacturing methods include a method of dis-
persing a molybdenum compound powder (core particles) in
an alcohol solution in which a metal alkoxide, such as a
silicon alkoxide or an aluminum alkoxide, is dissolved, and
subjecting the dispersion to mixing treatment at high tem-
perature and low pressure to form a film of silicon oxide,
aluminum oxide, or the like on the powder surface, and then
subjecting the powder to vacuum drying and crushing treat-
ment. By these methods, a molybdenum compound powder
having a film of'a metal oxide, such as silica or alumina, on the
surface of the powder is obtained.

The surface-treated molybdenum compound powder in
this embodiment preferably comprises 85.0 to 99.5% by
mass, more preferably 90.0 to 99.5% by mass, and further
preferably 95.0 to 99.0% by mass, of the above-described
molybdenum compound in terms of forming a uniform film
of an inorganic oxide to achieve both the above-described
drillability and heat resistance at a higher level. In other
words, the surface-treated molybdenum compound powder in
this embodiment preferably comprises 0.5 to 15% by mass,
more preferably 1.0 to 10.0% by mass, and further preferably
1.0 to 5.0% by mass, of the above-described inorganic oxide.
(Resin Composition)

A resin composition in this embodiment contains at least
the above surface-treated molybdenum compound powder
(A), an epoxy resin (B), a curing agent (C), and an inorganic
filler (D). For the epoxy resin (B), the curing agent (C), and
the inorganic filler (D) used here, known ones can be appro-
priately selected and used according to the intended applica-
tion and performance, and the type of each material and the
amount of each material used are not particularly limited. For
example, in the case of electrical and electronic material
applications, electrical insulating material applications,
machine tool material applications, and adhesive applica-
tions, each material can be appropriately selected from vari-
ous materials known in each technical field.

The content of the surface-treated molybdenum compound
powder (A) in the resin composition in this embodiment can
be appropriately set according to the intended application and
performance, and is not particularly limited. In terms of heat
resistance and flame retardancy, the content of the surface-
treated molybdenum compound powder (A) is preferably 0.2
to 30 parts by mass, more preferably 1 to 10 parts by mass,
based on 100 parts by mass of the total of the resin solid
components. The resin solid components here mean the
epoxy resin (B) and the curing agent (C), and include all ofa
maleimide compound (E) described later, and polymer com-
pounds, such as thermosetting resins, thermoplastic resins,
and oligomers thereof, and elastomers, other than the above,
when these are contained in the resin composition.

For the epoxy resin (B) used in the resin composition in this
embodiment, a known one can be appropriately used as long
as itis one having two or more epoxy groups in one molecule.
The type of the epoxy resin (B) is not particularly limited.
Because of an increased interest in environmental problems
in recent years, non-halogen-based epoxy resins are pre-
ferred. Specific examples thereof include, but are not particu-
larly limited to, bisphenol A-based epoxy resins, bisphenol
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F-based epoxy resins, bisphenol F-based epoxy resins,
bisphenol S-based epoxy resins, bisphenol A novolac-based
epoxy resins, phenol novolac-based epoxy resins, cresol
novolac-based epoxy resins, biphenyl-based epoxy resins,
naphthalene-based epoxy resins, anthracene-based epoxy
resins, trifunctional phenol-based epoxy resins, tetrafunc-
tional phenol-based epoxy resins, glycidyl ester-based epoxy
resins, phenol aralkyl-based epoxy resins, aralkyl novolac-
based epoxy resins, biphenyl aralkyl-based epoxy resins,
naphthol aralkyl-based epoxy resins, dicyclopentadiene-
based epoxy resins, polyol-based epoxy resins, alicyclic
epoxy resins, glycidyl amines, glycidyl esters, compounds
obtained by epoxidizing the double bond of butadiene or the
like, and compounds obtained by the reaction of hydroxyl
group-containing silicone resins with epichlorohydrin.

Among these, for the epoxy resin (B), aralkyl novolac-

based epoxy resins represented by the following general for-
mula (1) are preferred in terms of increasing flame retardancy.

[Formula 11]
M
[T
H—1|\r1 C_TIZ_]M_C_TII H
R* Il{” RY Il{” R*

wherein Ar' and Ar* each independently represent an aryl
group in which a monocyclic or polycyclic aromatic hydro-
carbon, such as a phenyl group, a naphthyl group, or a biphe-
nyl group, is a substituent, R* each independently represents
a hydrogen atom or a methyl group, and R* and R” each
independently represent a hydrogen atom, an alkyl group, or
an aryl group; m represents an integer of 1 to 5, and n repre-
sents an integer of 1 to 50; and G represents a glycidyl group.

In addition, among the aralkyl novolac-based epoxy resins
represented by the above general formula (1), phenyl aralkyl
novolac-based epoxy resins represented by the following
general formula (2a), biphenyl aralkyl novolac-based epoxy
resins represented by the following general formula (2b), and
naphthol aralkyl novolac-based epoxy resins represented by
the following general formula (2¢) are preferred. Examples of
products of the epoxy resins represented by the following
general formula (2b) include NC-3000-FH manufactured by
Nippon Kayaku Co., Ltd.

[Formula 12]
(22)
o} o}
O o
R R
| | | |
AN Re Re \/ /

wherein R each independently represents a hydrogen atom
or a methyl group, and n represents an integer of 1 to 50.
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[Formula 13]
(2b)
o} o}
o o
OO0}
- Il{a Il{a \)

wherein R each independently represents a hydrogen atom
or a methyl group, and n represents an integer of 1 to 50.

[Formula 14]
20
e} o}
o o
R R
Z |1 I 7Y
T | N
N L, LSS

wherein R each independently represents a hydrogen atom
or a methyl group, and n represents an integer of 1 to 50.

On the other hand, in terms of reducing the thermal expan-
sion coefficient, for the epoxy resin (B), epoxy resins having
a naphthalene skeleton represented by the following general
formula (3a), epoxy resins having an anthracene skeleton
represented by the following general formula (3b), and epoxy
resins having a dihydroanthracene skeleton represented by
the following general formula (3¢) are preferred. In addition,
among the epoxy resins having a naphthalene skeleton rep-
resented by the following general formula (3a), epoxy resins
having a naphthalene skeleton represented by the following
general formula (6) and/or the following general formula (7)
are more preferred. Examples of products of the epoxy resins
having a naphthalene skeleton represented by the following
general formula (3a) include HP-6000 manufactured by DIC
Corporation, EXA-7310 manufactured by DIC Corporation,
EXA-7311 manufactured by DIC Corporation, EXA-7311-L
manufactured by DIC Corporation, EXA-7311-G3 manufac-
tured by DIC Corporation, and EXA-7311-G4 manufactured
by DIC Corporation.

[Formula 15]

Ba)

R!

R! 4(1{3
| L
(’)>V\o AP—04

wherein R* each independently represents a hydrogen atom
or a methyl group, Ar® and Ar* each independently represent
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a naphthylene group or a phenylene group, and both groups
may each have an alkyl group having 1 to 4 carbon atoms or
a phenylene group as a substituent; R? each independently
represents a hydrogen atom, an alkyl group having 1 to 4
carbon atoms, or an aralkyl group represented by the follow-
ing general formula (4), m and n are each independently an
integer of 0 to 4 provided that either one of m and n is 1 or
more, and R? each independently represents a hydrogen atom,
an aralkyl group represented by the following general for-
mula (4), or an epoxy group-containing aromatic hydrocar-
bon group represented by the following general formula (5);
and in the above general formula (3a), the bonding position to
a naphthalene structure site may be either of two benzene
rings constituting the naphthalene structure site.

[Formula 16]

Q)

5

15

12

wherein R* and R® each independently represent a hydrogen
atom or a methyl group, and Ar® represents a phenylene
group, a phenylene group or a naphthylene group in which 1
to 3 hydrogen atoms are each nucleus-replaced by an alkyl
group having 1 to 4 carbon atoms, or a naphthylene group in
which 1 to 3 hydrogen atoms are each nucleus-replaced by an
alkyl group having 1 to 4 carbon atoms; and o is a number of
0.1 to 4 on average.

[Formula 17]

®)

wherein R® represents a hydrogen atom or a methyl group,
Ar® represents a naphthylene group or a naphthylene group
having an alkyl group having 1 to 4 carbon atoms, an aralkyl
group, or a phenylene group as a substituent, and p is an
integer of 1 or 2.

(3b)

B g b

R® R® R® R?
Rb O Rb Rb O Rb
g H H, g
H,C—C—C —0 0—C —C—C —0 —0—C —C—CH,
\/ | \/
0 OH 0
Rb Q Rb Rb Q Rb
R® R® R® R?

> wherein R? each independently represents a hydrogen atom

R?
?—AIS H
5
R o
[Formula 18]
[Formula 19]
[4 R®
R& R?
R? R®
g
HC—C—C —0
\/
o
R® R?

oran alkyl group having 1 to 7 carbon atoms; and n represents
an integer of 1 or more.

B¢

R? R®

RZ R?

R® R?
H, H H, H H

0—C —C—C —0 - 0—C —C—CH,
\
OH
Rb O Rb
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wherein R” each independently represents a hydrogen atom group consisting of a cyanate ester compound, a phenolic
or an alkyl group having 1 to 7 carbon atoms; and n represents resin, and a BT resin (bismaleimide-triazine resin) is pre-
an integer of 1 or more. ferred.
[Formula 20]
(6)
0. (0]
O O (@) O
%\/ AN AN AN AN QA AN \/’<J
¥ | | | ¥
SN AP < P o
R® R® R® R® R® R®
wherein R” each independently represents a hydrogen atom 1> Astheabove cyanate ester compound, a known one can be
or a methyl group, and R® each independently represents a appropriately used as long as it is a compound represented by
hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or the general formula R—O-—CN, wherein R is an organic

an aralky] group represented by the above general formula ~ &foup- The type of the above cyanate ester compound is not
(4) particularly limited. Specific examples thereof include, but

20 are not particularly limited to, naphthol aralkyl-based cyanate

ester compounds represented by the following general for-

mula (8), 1,3-dicyanatobenzene, 1,4-dicyanatobenzene, 1,3,
S-tricyanatobenzene, bis(3,5-dimethyl 4-cyanatophenyl)

@] methane, 1,3-dicyanatonaphthalene, 1,4-

o 2 dicyanatonaphthalene, 1,6-dicyanatonaphthalene,  1,8-
Ov]<| dicyanatonaphthalene,  2,6-dicyanatonaphthalene,  2,7-

O R dicyanatonaphthalene, 1,3,6-tricyanatonaphthalene, 4,4'-

[Formula 21]

dicyanatobiphenyl, bis(4-cyanatophenyl)methane, 2,2'-bis

(4-cyanatophenyl)propane, bis(4-cyanatophenyl)ether, bis

o] o) 30 (4-cyanatophenyl)thioether, bis(4-cyanatophenyl)sulfone,
|>I\/O SN NGRS O\/]<| 2,2'-bis(4-cyanatophenyl)propane, bis(3,5-dimethyl, 4-cy-
R’ \CQ/ OO R? anatophenyl)methane, and phenol novolac-based cyanate

ester compounds. One of these can be used alone or two or

RI R more of these can be used in appropriate combination accord-

35 ing to the purpose. Among these, naphthol aralkyl-based

wherein R” each independently represents a hydrogen atom cyanate ester compounds represented by the following gen-
or a methyl group, and R'° each independently represents a eral formula (8), and phenol novolac-based cyanate ester

compounds represented by the following general formula (9)

hydrogen atom, an alkyl group having 1 to 4 carbon atoms, or g . )
are preferred in terms of increasing flame retardancy.

an aralkyl group represented by the above general formula
.

One of these epoxy resins can be used alone or two or more
of'these epoxy resins can be used in appropriate combination
according to the purpose. Particularly, it is preferred to use a
biphenyl aralkyl-based epoxy resin represented by the above 45

®
OCN OCN
general formula (2b), and an epoxy resin represented by the P / Il{“ Il{“ /\/
above general formula (6) and/or an epoxy resin represented 1 ¢ ¢ T q
\/ .

[Formula 22]

by the above general formula (7) in combination, in terms of .
achieving both flame retardancy and a thermal expansion
coefficient. 50
The content of the epoxy resin (B) in the resin composition
can be appropriately set according to the intended application
and performance, and is not particularly limited. In terms of
the curability of the resin composition, and the heat resistance
and thermal expansion coefficient of the cured product 55
thereof, the content of the epoxy resin (B) is preferably 5 to 60
parts by mass, more preferably 10 to 40 parts by mass, based

©
on 100 parts by mass of the total of the resin solid compo- OCN pui OCN ¢ OCN
nents. —A | —X | =X
For the curing agent (C) used in the resin composition in 60 \ / ? \ / ? \ /
this embodiment, a known one can be appropriately used as Rl RI
q

long as it is one that cures the above epoxy resin (B). The type
of the curing agent (C) is not particularly limited. For

Rll

wherein R'* each independently represents a hydrogen atom
or a methyl group, and q represents an integer of 1 or more.

[Formula 23]

example, in prepreg and laminate applications, those having wherein R'! each independently represents a hydrogen atom
excellent heat resistance and excellent electrical properties, 65 or a methyl group, and q represents an integer of 1 or more.
such as dielectric constant and dielectric loss tangent, are Inaddition, as the above phenolic resin, a known one can be

preferred, and specifically, at least one selected from the appropriately used as long as it is a resin having two or more
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phenolic hydroxyl groups in one molecule. The type of the
above phenolic resin is not particularly limited. Specific
examples thereof include, but are not particularly limited to,
cresol novolac-based phenolic resins, phenol novolac resins,
alkylphenol novolac resins, bisphenol A-based novolac res-
ins, dicyclopentadiene-based phenolic resins, Xylok-based
phenolic resins, terpene-modified phenolic resins, polyvinyl
phenols, naphthol aralkyl-based phenolic resins represented
by the following general formula (10), biphenyl aralkyl-
based phenolic resins represented by the following general
formula (11), naphthalene-based phenolic resins, and amino-
triazine novolac-based phenolic resins. One of these can be
used alone or two or more of these can be used in appropriate
combination according to the purpose. Among these, in terms
of water absorbency and heat resistance, cresol novolac-
based phenolic resins, aminotriazine novolac-based phenolic
resins, naphthalene-based phenolic resins, naphthol aralkyl-
based phenolic resins, and biphenyl aralkyl-based phenolic
resins are preferred, and cresol novolac-based phenol com-
pounds, naphthol aralkyl-based phenolic resins represented
by the following general formula (10), and biphenyl aralkyl-
based phenolic resins represented by the following general
formula (11) are more preferred.

[Formula 24]
(10)
OH OH
RI2 RI2 /
A AN
HEOHOG
= Il{lz Il{lz =~ A

n

wherein R'? each independently represents a hydrogen atom
or a methyl group, and n represents an integer of 1 or more.

[Formula 25]
a1
OH OH
RIZ RIZ
A (] o Rl
I ? ?_\)
\ RIZ RIZ \

wherein R'? each independently represents a hydrogen atom
or a methyl group, and n represents an integer of 1 or more.

Further, as the above BT resin, a known one can be appro-
priately used as long as it is one obtained by prepolymeriza-
tion using a maleimide compound and a cyanate ester com-
pound as main components. The type of the above BT resin is
not particularly limited. Specific examples thereof include,
but are not particularly limited to, one obtained by heating and
melting a naphthol aralkyl-based cyanate ester compound
represented by the above general formula (8) and bis(3-ethyl-
5-methyl-4-maleimidiphenyl)methane (BMI-70: manufac-
tured by K.I Chemical Industry Co., Ltd.) for polymerization
reaction, one obtained by heating and melting 2,2-bis(4-cy-
anatophenyl)propane (CX, manufactured by Mitsubishi Gas
Chemical Company. Inc.) and bis(3-ethyl-5-methyl-4-malei-
midiphenyl)methane (BMI-70: manufactured by K.I Chemi-
cal Industry Co., Ltd.) for polymerization reaction, and one
obtained by heating and melting a novolac-based cyanate
ester resin (Primaset PT-30, manufactured by Lonza Japan
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Ltd., cyanate equivalent: 124 g/eq.) and bis(3-ethyl-5-me-
thyl-4-maleimidiphenyl)methane (BMI-70: manufactured by
K.IChemical Industry Co., L.td.) for polymerization reaction,
and then dissolving the polymer in methyl ethyl ketone. One
ofthese can be used alone or two or more of these can be used
in appropriate combination according to the purpose. Among
these, BT resins comprising naphthol aralkyl-based cyanate
ester compounds can be preferably used because of properties
such that since the resin skeleton is a rigid structure, heat
resistance can be maintained, and reaction-inhibiting factors
are decreased to increase curability, and water absorbency
and heat resistance are still further increased. One cyanate
ester compound, a raw material of a BT resin, can be used
alone, or two or more cyanate ester compounds can be appro-
priately mixed and used.

The content of the curing agent (C) in the resin composition
can be appropriately set according to the intended application
and performance, and is not particularly limited. In terms of
the curability of the resin composition, and the heat resistance
and thermal expansion coefficient of the cured product
thereof, the content of the curing agent (C) is preferably 10 to
70 parts by mass, more preferably 20 to 50 parts by mass,
based on 100 parts by mass of the total of the resin solid
components.

When the above phenolic resin is blended as the curing
agent (C), it is preferably blended so that the ratio of the
number of hydroxyl groups in the phenolic resin to the num-
ber of glycidyl groups in the epoxy resin is in the range 0f 0.7
to 2.5, in terms of maintaining heat resistance and flame
retardancy.

As the inorganic filler (D) used in the resin composition in
this embodiment, a known one can be appropriately used, and
the type of the inorganic filler (D) is not particularly limited.
Generally, those used in resin compositions for laminates or
for electrical wiring boards can be preferably used. Specific
examples thereof include silicas, such as natural silica, fused
silica, synthetic silica, amorphous silica, and hollow silica,
molybdenum compounds, such as zinc molybdate, ammo-
nium molybdate, molybdenum disulfide, and molybdenum
trioxide, boehmite, white carbon, titanium white, AEROSIL,
silicone composite powders, silicone resin powders, zinc
borate, zinc stannate, alumina, clay, kaolin, talc, fired clay,
fired kaolin, fired tale, natural mica, synthetic mica, zinc
oxide, magnesium oxide, zirconium oxide, aluminum
hydroxide, boron nitride, barium sulfate, E-glass. A-glass,
NE-glass, C-glass, L-glass, D-glass, S-glass, M-glass G20,
glass short Fibers (including glass fine powders, such as
E-glass, T-glass, D-glass, S-glass, and Q-glass), hollow glass,
and spherical glass. One of these can be used alone or two or
more of these can be used in appropriate combination accord-
ing to the purpose. The average particle diameter (D50) of the
inorganic filler (D) is not particularly limited, and is prefer-
ably 0.2 to 5 um considering dispersibility, drillability, and
the like.

The content of the inorganic filler (D) in the resin compo-
sition can be appropriately set according to the intended
application and performance, and is not particularly limited.
In terms of a thermal expansion coefficient and moldability,
the content of the inorganic filler (D) is preferably 40 to 600
parts by mass, more preferably 80 to 300 parts by mass, based
on 100 parts by mass of the total of the resin solid compo-
nents. The above-described surface-treated molybdenum
compound powder (A) is not included in this inorganic filler
D).

Here, the resin composition in this embodiment may fur-
ther contain a silane coupling agent or a wetting and dispers-
ing agent as required. By containing a silane coupling agent
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or a wetting and dispersing agent, the dispersibility of the
above-described surface-treated molybdenum compound
powder (A) and inorganic filler (D) can be improved. As the
silane coupling agent, those generally used for the surface
treatment of inorganic matter can be preferably used, and the
type of the silane coupling agent is not particularly limited.
Specific examples thereof include, but are not particularly
limited to, aminosilane-based silane coupling agents, such as
y-aminopropyltriethoxysilane and N-f-(aminoethyl)-y-ami-
nopropyltrimethoxysilane, epoxysilane-based silane cou-
pling agents, such as y-glycidoxypropyltrimethoxysilane,
vinylsilane-based silane coupling agents, such as y-methacry-
loxypropyltrimethoxysilane, cationic silane-based silane
coupling agents, such as N-f-(N-vinylbenzylaminoethyl)-y-
aminopropyltrimethoxysilane hydrochloride, and phenylsi-
lane-based silane coupling agents. One silane coupling agent
can be used alone, or two or more silane coupling agents can
be used in appropriate combination. In addition, as the wet-
ting and dispersing agent, those generally used for paints can
be preferably used, and the wetting and dispersing agent is not
particularly limited to its type. Specific examples thereof
include, but are not particularly limited to, DISPERBYK-
110. DISPERBYK-111, DISPERBYK-180, DISPERBYK-
161, BYK-W996, BYK-W9010, BYK-W903, BYK-W161,
and BYK-W940 manufactured by BYK Japan KK. One wet-
ting and dispersing agent can be used alone, or two or more
wetting and dispersing agents can be used in appropriate
combination.

In addition, the resin composition in this embodiment may
further contain a maleimide compound (E) as required. By
containing the maleimide compound (E), the heat resistance
tends to be still further increased. As this maleimide com-
pound (E), a known one can be appropriately used as long as
itis a compound having one or more maleimide groups in one
molecule. The type of the maleimide compound (F) is not
particularly limited. Specific examples thereof include, but
are not particularly limited to, N-phenylmaleimide, N-hy-
droxyphenylmaleimide, bis(4-maleimidophenyl)methane,
2,2-bis{4-(4-maleimidephenoxy)-phenyl }propane, bis(3,5-
dimethyl-4-maleimidephenyl)methane,  bis(3-ethyl-5-me-
thyl-4-maleimidephenyl)methane, bis(3,5-diethyl-4-male-
imidephenyl)methane, maleimide compounds represented by
the following general formula (12), prepolymers of these
maleimide compounds, or prepolymers of maleimide com-
pounds and amine compounds. One maleimide compound
(E) can be used alone, or two or more maleimide compounds
(E) can be used in appropriate combination. More preferred
examples include bis(4-maleimidephenyl)methane, maleim-
ide compounds represented by the following general formula
(12), 2,2-bis{4-(4-maleimidephenoxy)-phenyl }propane, bis
(3-ethyl-5-methyl-4-maleimidephenyl)methane.

[Formula 26]
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wherein R'? each independently represents a hydrogen atom
or a methyl group, and n represents an integer of 1 or more.

The content of the maleimide compound (E) in the resin
composition can be appropriately set according to the
intended application and performance, and is not particularly
limited. In terms of increasing heat resistance and reducing
water absorbency, the content of the maleimide compound
(E) is preferably 1 to 50 parts by mass, more preferably 5 to 30
parts by mass, based on 100 parts by mass of the total of the
resin solid components.

Further, the resin composition in this embodiment may
further contain a silicone powder as required. The silicone
powder can act as a flame-retardant aid that delays burning
time to increase a flame-retardant effect. As this silicone
powder, generally known ones can be preferably used, and the
type of the silicone powder is not particularly limited.
Examples of the general classification of the silicone powder
can include a fine powder of polymethylsilsesquioxane in
which siloxane bonds are crosslinked in the form of a three-
dimensional network, a fine powder of an addition polymer of
vinyl group-containing dimethylpolysiloxane and methylhy-
drogenpolysiloxane, a fine powder of an addition polymer of
vinyl group-containing dimethylpolysiloxane and methylhy-
drogenpolysiloxane whose surface is coated with polymeth-
ylsilsesquioxane in which siloxane bonds are crosslinked in
the form of a three-dimensional network, and an inorganic
support whose surface is coated with polymethylsilsesquiox-
ane in which siloxane bonds are crosslinked in the form of a
three-dimensional network. One silicone powder can be used
alone, or two or more silicone powders can be used in appro-
priate combination. The average particle diameter (D50) of
the silicone powder is not particularly limited, and is prefer-
ably 1 to 15 pm considering dispersibility.

The content of the silicone powder in the resin composition
can be appropriately set according to the intended application
and performance, and is not particularly limited. In terms of
moldability and dispersibility, the content of the silicone
powder is preferably 30 parts by mass or less, more preferably
20 parts by mass or less, based on 100 parts by mass of the
total amount of the resin solid components blended.

In addition, the resin composition in this embodiment may
contain a curing accelerator for appropriately adjusting cur-
ing speed, as required. As this curing accelerator, those gen-
erally used as curing accelerators for epoxy resins, cyanate
ester compounds, and phenolic resins can be preferably used,
and the type of the curing accelerator is not particularly lim-
ited. Specific examples thereof include, but are not particu-
larly limited to, organometallic salts of copper, zinc, cobalt,
nickel, and the like, imidazoles and derivatives thereof, and
tertiary amines. One curing accelerator can be used alone, or
two or more curing accelerators can be used in appropriate
combination.

Furthermore, the resin composition in this embodiment
may contain components other than the above in a range in
which the desired properties are not impaired. Examples of
such optional blending materials include various polymer
compounds, such as thermosetting resins, thermoplastic res-
ins, and oligomers thereof, and elastomers, flame-retardant
compounds, and various additives, other than the above.
These are not particularly limited as long as they are those
generally used. Examples of the flame-retardant compounds
include bromine compounds, such as 4,4'-dibromobiphenyl,
phosphate esters, melamine phosphate, phosphorus-contain-
ing epoxy resins, nitrogen-containing compounds, such as
melamine and benzoguanamine, oxazine ring-containing
compounds, and silicon-based compounds. Examples of the
various additives include, but are not particularly limited to,
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an ultraviolet absorbing agent, an antioxidant, a photopoly-
merization initiator, a fluorescent brightening agent, a photo-
sensitizer, a dye, a pigment, a thickening agent, a lubricant, a
defoaming agent, a dispersing agent, a leveling agent, a
brightening agent, and a polymerization inhibitor. One of
these optional blending materials can be used alone, or two or
more of these optional blending materials can be used in
combination.

The resin composition in this embodiment can be prepared
according to an ordinary method, and the method for prepar-
ing the resin composition in this embodiment is not particu-
larly limited. The resin composition in this embodiment can
be easily prepared by stirring and mixing the above-described
surface-treated molybdenum compound powder (A), epoxy
resin (B), curing agent (C), inorganic filler (D), and the like.
During the preparation of this resin composition, known
treatment (stirring, mixing, and kneading treatment and the
like) for uniformly mixing the components can be performed.
The above stirring, mixing, and kneading treatment can be
appropriately performed, for example, using a known appa-
ratus, such as an apparatus intended for mixing, such as a ball
mill or a bead mill, or a revolution and rotation mixing appa-
ratus. Specific examples of the treatment include a method of
blending the surface-treated molybdenum compound powder
(A) and the inorganic filler (D) in the epoxy resin (B), dis-
persing them by ahomomixer or the like, and further blending
the curing agent (C) therein. Here, during the preparation of
the resin composition, it is desired to add an organic solvent in
order to decrease viscosity to improve handling properties
and increase impregnation properties for glass cloth.

The resin composition in this embodiment may contain an
organic solvent as required. In other words, the resin compo-
sition in this embodiment can be used as a mode (resin var-
nish) in which at least part, preferably all, of the above-
described components are dissolved in or compatible with an
organic solvent. As the organic solvent, a known one can be
appropriately used as long as it is one capable of dissolving or
making compatible at least part, preferably all, of the epoxy
resin (B) and the curing agent (C). The type of the organic
solvent is not particularly limited. Specific examples thereof
include, but are not particularly limited to, ketones, such as
acetone, methyl ethyl ketone, methyl isobutyl ketone, and
cyclohexanone, aromatic hydrocarbons, such as benzene,
toluene, and xylene, and amides, such as dimethylformamide
and dimethylacetamide. One organic solvent can be used
alone, or two or more organic solvents can be used in appro-
priate combination.

(Prepreg)

On the other hand, a prepreg in this embodiment is
obtained by combining the above resin composition with a
substrate, specifically, impregnating or coating a substrate
with the above resin composition. This prepreg can be fabri-
cated according to an ordinary method, and the method for
fabricating the prepreg is not particularly limited. For
example, the prepreg in this embodiment can be fabricated by
impregnating or coating a substrate with a resin varnish
obtained by adding an organic solvent to the above resin
composition, and then heating the substrate with the resin
varnish in a dryer at 100 to 200° C. for 1 to 60 minutes, or the
like for semi-curing (B-staging). At this time, the amount of
the resin composition adhered to the substrate, that is, the
amount of the resin composition (including the surface-
treated molybdenum compound powder (A) and the inor-
ganic filler (D)) based on the total amount of the prepreg after
the semi-curing, is preferably in the range of 20 to 90% by
mass.
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The substrate used in the prepreg in this embodiment is not
particularly limited, and, for example, known ones used for
various printed wiring board materials can be appropriately
selected and used depending on the intended application and
performance. Specific examples thereof include, but are not
particularly limited to, glass fibers, such as E-glass, D-glass,
S-glass, NE-glass, T-glass, Q-glass, UN-glass, and spherical
glass, inorganic fibers other than glass, organic fibers, such as
polyimides, polyamides, and polyesters, or woven fabrics,
such as liquid crystal polyesters. One substrate can be used
alone, or two or more substrates can be used in appropriate
combination. As the shape of the substrate, woven fabrics,
nonwoven fabrics, rovings, chopped strand mats, surfacing
mats, and the like are known, and as the weave of the woven
fabric, plain weave, basket weave, twill weave, and the like
are known. The shape of the substrate and the weave of the
woven fabric can be appropriately selected and used from
these known ones depending on the intended application and
performance. In addition, the thickness of the substrate is not
particularly limited, and is usually about 0.01 to 0.3 mm, and
is, for example, preferably in the range of 0.01 to 0.2 mm in
laminate applications. Among these substrates, particularly,
glass fibers of E-glass are preferably used in laminate appli-
cations because of the balance between the expansion coef-
ficient in the planar direction and drillability.

(Laminate and Metal Foil-Clad Laminate and Printed Wiring
Board)

On the other hand, a laminate in this embodiment is
obtained by laminating and molding the above-described
prepreg. In addition, a metal foil-clad laminate in this
embodiment is obtained by laminating and molding the
above-described prepreg and metal foil. The metal foil-clad
laminate in this embodiment can be fabricated by stacking
one or a plurality of the above-described prepregs, disposing
metal foil, such as copper or aluminum, on one surface or both
surfaces of the stack as desired, and laminating and molding
them. The metal foil used here is not particularly limited as
long as it is one used for a printed wiring board material.
Copper foil, such as rolled copper foil and electrolytic copper
foil, is preferred. Considering conductor loss in the high
frequency region, electrolytic copper foil having small matte
surface roughness is more preferred. In addition, the thick-
ness of the metal foil is not particularly limited, and is pref-
erably 2to 70 um, more preferably 2 to 35 um. As the molding
conditions, usual methods for laminates and multilayer
boards for printed wiring boards can be applied, and the
molding conditions are not particularly limited. For example,
molding is generally performed at a temperature in the range
of 100 to 300° C. and a surface pressure in the range of 2 to
100 kgf/cm?® with a heating time in the range 0f0.05 to 5 hours
using a multistage press, a multistage vacuum press, a con-
tinuous molding machine, an autoclave molding machine, or
the like. For example, a multilayer board can also be provided
by disposing 35 um copper foil on both surfaces of one of the
above prepregs, laminating and forming them under the
above conditions, then forming inner layer circuits, subject-
ing the circuits to blackening treatment to form an inner layer
circuit board, then alternately disposing the inner layer circuit
boards and the above prepregs one by one, further disposing
copper foil on the outermost layers, and laminating and mold-
ing them under the above conditions preferably under
vacuum. In addition, a multilayer board can also be provided
by laminating and molding the above prepreg and a separately
fabricated wiring board for an inner layer in combination.

The above metal foil-clad laminate in this embodiment can
be preferably used as a printed wiring board by forming a
predetermined wiring pattern. The metal foil-clad laminate in
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this embodiment has a low thermal expansion coefficient,
high flame retardancy, and good moldability and drillability,
and therefore can be especially effectively used as a printed
wiring hoard for a semiconductor package for which such
performance is required.

The above printed wiring board can be manufactured, for
example, by the following method. First, a metal foil-clad
laminate, such as the above-described copper-clad laminate,
is prepared. Next, a surface of the metal foil-clad laminate is
subjected to etching treatment to form an inner layer circuit to
fabricate an inner layer hoard. The inner layer circuit surface
of'this inner layer board is subjected to surface treatment for
increasing adhesive strength, as required. Then, the required
number of the above-described prepregs are stacked on the
inner layer circuit surface, metal foil for an outer layer circuit
is further laminated on the outside of the stack, and the lami-
nate is heated and pressurized for integral molding. In this
manner, a multilayer laminate in which an insulating layer
comprising a substrate and a cured product of a thermosetting
resin composition is formed between an inner layer circuit
and metal foil for an outer layer circuit is manufactured. Then,
this multilayer laminate is subjected to perforation for
through holes and via holes, and then, a plated metal film that
allows conduction between the inner layer circuit and the
metal foil for an outer layer circuit is formed on the wall
surface of this hole. Further, the metal foil for an outer layer
circuit is subjected to etching treatment to form an outer layer
circuit, and a printed wiring board is manufactured.

In this manner, in a printed wiring board comprising an
insulating layer and a conductor layer formed on a surface of
this insulating layer, the insulating layer can be formed using
the resin composition in this embodiment described above.
Specifically, for example, in the printed wiring board shown
in the above manufacturing example, the prepreg in this
embodiment described above (the substrate and the resin
composition in this embodiment with which the substrate is
impregnated or coated), and the resin composition layer of the
metal foil-clad laminate in this embodiment described above
(the layer comprising the resin composition in this embodi-
ment) are composed of an insulating layer comprising the
resin composition in this embodiment.

As described above, preferred methods for utilizing the
resin composition in this embodiment have been described.
However, the resin composition in this embodiment is not
limited to those described above, and, for example, can also
be effectively utilized in electrical insulating materials, seal-
ing materials, adhesives, resist materials, and the like, and its
applications are not particularly limited.

EXAMPLES

The present invention will be described in more detail
below by giving Examples and Comparative Examples, but
the present invention is not limited to these. “Parts” indicates
“parts by mass” unless otherwise specified below.

Preparation Example 1

Synthesis of a-Naphthol Aralkyl-Based Cyanate
Ester Compound

A reactor to which a thermometer, a stirrer, a dropping
funnel, and a reflux condenser were attached was previously
cooled to 0 to 5° C. by brine, and was charged with 7.47 g
(0.122 mol) of cyanogen chloride, 9.75 g (0.0935 mol) of
35% hydrochloric acid, 76 ml of water, and 44 ml of methyl-
ene chloride. While the temperature in this reactor and pH
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were maintained at -5 to +5° C. and 1 or less, respectively, a
solution in which 20 g (0.0935 mol) of a-naphthol aralkyl
resin (SN485, hydroxyl group equivalent: 214 g/eq., soften-
ing point: 86° C., manufactured by Nippon Steel Chemical
Co., Ltd.) and 14.16 g (0.14 mol) of triethylamine were dis-
solved in 92 ml of methylene chloride was dropped by the
dropping funnel over 1 hour with stirring. After the comple-
tion of the dropping, 4.72 g (0.047 mol) of triethylamine was
further dropped over 15 minutes.

After the completion of the dropping, the mixture was
stirred at the same temperature for 15 minutes, and then, the
reaction liquid was separated to fractionate the organic layer.
The obtained organic layer was washed twice with 100 ml of
water, and then, the methylene chloride was distilled off
under reduced pressure by an evaporator. Finally, the organic
layer was concentrated to dryness at 80° C. for 1 hour to
obtain 23.5 g of an a-naphthol aralkyl-based cyanate ester
compound represented by the above general formula (8),
wherein all R was a hydrogen atom.

The obtained cyanate ester compound was analyzed by
liquid chromatography and an IR spectrum. No raw material
peak was detected. In addition, the structure was identified by
13C.NMR and 'H-NMR. The conversion rate from a
hydroxyl group to a cyanate group was 99% or more.

Example 1

Manufacturing of Zinc Molybdate Whose Surface
was Coated with 15 nm Silica

33 g of zinc molybdate (average particle diameter 3 pum,
manufactured by NIPPON INORGANIC COLOUR &
CHEMICAL CO., LTD.) was dispersed in 100 ml of ethanol
in a container, and the liquid temperature of the obtained
dispersion was maintained at 55° C. by heating the container
in an oil bath. 6 g of'silicon tetracthoxide and 6 g of ammonia
water (a concentration of 29%) were added to the dispersion,
and the mixture was reacted with stirring for 2 hours, and
adjusted so that the film thickness was 15 nm after drying and
heat treatment. After the reaction, the reaction liquid was
diluted and washed with ethanol, and filtered followed by
drying at 110° C. for 3 hours using a vacuum dryer. After the
drying, heat treatment at 650° C. for 30 minutes was per-
formed using a rotary tube furnace, to obtain a silica-coated
zinc molybdate powder. The dispersed state of the obtained
silica-coated zinc molybdate powder was very good.

Example 2

Manufacturing of Zinc Molybdate Whose Surface
was Coated with 50 nm Silica

10 g of zinc molybdate (average particle diameter 3 um,
manufactured by NIPPON INORGANIC COLOUR &
CHEMICAL CO., LTD.) was dispersed in 100 ml of ethanol
in a container, and the liquid temperature of the obtained
dispersion was maintained at 55° C. by heating the container
in an oil bath. 6 g of'silicon tetracthoxide and 6 g of ammonia
water (a concentration of 29%) were added to the dispersion,
and the mixture was reacted with stirring for 2 hours, and
adjusted so that the film thickness was 50 nm after drying and
heat treatment. After the reaction, the reaction liquid was
diluted and washed with ethanol, and filtered followed by
drying at 110° C. for 3 hours using a vacuum dryer. After the
drying, heat treatment at 650° C. for 30 minutes was per-
formed using a rotary tube furnace, to obtain a silica-coated
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zinc molybdate powder. The dispersed state of the obtained
silica-coated zinc molybdate powder was very good.

Example 3

Manufacturing of Zinc Molybdate Whose Surface
was Coated with 30 nm Silica

First, 1 g of 3-glycidoxypropylmethyldimethoxysilane
(KBM-403, manufactured by Shin-Etsu Chemical Co., Ltd.)
and 3.5 g of silicon tetraethoxide were mixed in a container to
prepare a surface treatment agent. Then, 26 ml of water, 10.4
g of 2-propanol, and 0.011 g of phosphoric acid were mixed
in a container to prepare a reaction solvent. Next, the above
surface treatment agent was introduced into a treatment ves-
sel, and the above reaction solvent and 10 g of zinc molybdate
(average particle diameter 3 pm, manufactured by NIPPON
INORGANIC COLOUR & CHEMICAL CO., LTD.) were
further added. Then, the liquid temperature of the dispersion
in the treatment vessel was set to 60° C., the pressure in the
treatment vessel was set to 0.05 to 0.06 MPa, and the disper-
sion was stirred while 2 L of nitrogen per minute was flowed
into the treatment vessel. After sufficient stirring, drying was
performed by a vacuum dryer, and crushing treatment was
further performed followed by drying at 120° C. for 2 hours to
obtain a silica-coated zinc molybdate powder. The dispersed
state of the obtained silica-coated zinc molybdate powder was
very good.

Example 4
Fabrication of Prepreg

25 Parts by mass of a naphthol aralkyl-based phenolic resin
(SN-495, manufactured by Nippon Steel Chemical Co., Ltd.,
hydroxyl group equivalent: 236 g/eq.), 25 parts by mass of a
biphenyl aralkyl-based phenolic resin (KAYAHARD GPH-
103, manufactured by Nippon Kayaku Co., Ltd., hydroxyl
group equivalent: 231 g/eq.), 50 parts by mass of a phenol
biphenyl aralkyl-based epoxy resin (NC-3000-FH, epoxy
equivalent: 320 g/eq. manufactured by Nippon Kayaku Co.
Ltd.). 120 parts by mass of boehmite (APYRAL A01160,
manufactured by Nabaltec AG), 1 part by mass of a wetting
and dispersing agent (BYK-W903, manufactured by BYK
Japan KK), 3 parts by mass of the surface-treated molybde-
num compound powder of Example 1 (silica film thickness 15
nm), and 0.03 parts by mass of imidazole (2E4MZ, manufac-
tured by SHIKOKU CHEMICALS CORPORATION) were
mixed to prepare a resin composition. The obtained resin
composition was diluted with methyl ethyl ketone to provide
a resin varnish having a solid concentration of 65 wt %. An
E-glass woven fabric having a thickness of 0.1 mm was
impregnated and coated with this resin varnish, and heated
and dried at 160° C. for 4 minutes to fabricate a prepreg
having a resin content of 50% by mass.
<Fabrication of Metal Foil-Clad Laminate>

Four of the obtained prepregs were stacked, and 12 um
thick electrolytic copper foil (3EC-III, manufactured by Mit-
sui Mining & Smelting Co., [td.) was disposed on both
surfaces of the obtained laminate. The laminate with the
electrolytic copper foil was subjected to vacuum pressing at a
pressure of 30 kgf/em® and 220° C. for 120 minutes for
lamination and molding to fabricate a metal foil-clad lami-
nate (both surface copper-clad laminate) having an insulating
layer thickness of 0.4 mm.
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Using the obtained metal foil-clad laminate, flame retar-
dancy, heat resistance, thermal expansion coefficient, and
drillability were evaluated. The evaluation results of these are
shown in Table 1 and Table 2.

The flame retardancy and the thermal expansion coefficient
were evaluated by the following methods using the laminate
having a plate thickness of 0.4 mm obtained by removing the
copper foil of the metal foil-clad laminate by etching. Flame
retardancy: The flame retardancy was evaluated according to
the UL94 vertical burning test method.

Thermal expansion coefficient: Using a thermomechanical
analyzer (manufactured by TA Instruments), the temperature
was increased by 10° C. per minute from 40° C. to 340° C.,
and the linear expansion coefficient in the planar direction at
60° C. to 120° C. was measured. The measurement direction
was the longitudinal direction (Warp) of the glass cloth of'the
laminate.

The heat resistance was evaluated by the following method
for the metal foil-clad laminate.

Heat resistance: A sample obtained by cutting the metal
foil-clad laminate to 50x50 mm by a dicing saw was used.
This sample was floated in a 300° C. solder vessel for 30
minutes, and the time until delamination occurred was mea-
sured. A case where no delamination occurred even when 30
minutes elapsed is shown as >30 min in Tables 1 and 2.

The drillability (hole position accuracy) was evaluated
under the following drilling conditions.

Four metal foil-clad laminates were stacked and drilled,
and the amount of positional displacement of the drilled holes
was measured. For this amount of positional displacement,
the amount of positional displacement on the back side of the
lowest laminate of the four stacked and processed metal foil-
clad laminates was measured. The amount of positional dis-
placement of the total number of the processed holes per drill
was measured, and the average value of the amount of posi-
tional displacement+30 is shown in the measurement results
in Tables 1 and 2 (o represents a standard deviation value).
Processing machine: ND-1 V212 manufactured by Hitachi
Via Mechanics, Ltd.

Number of stacked plates: four metal foil-clad laminates
Entry sheet: LE450 manufactured by Mitsubishi Gas Chemi-
cal Company, Inc.

Backup board: PS-1160D manufactured by RISHO KOGYO
CO., LTD.

Drill bit: MD MC 0.18x3.3 L508 A manufactured by UNION
TOOL CO.)

Number of revolutions: 160 krpm

Feed speed: 0.8 m/min

Number of hits: 10000

Example 5

Operation was performed as in Example 4 except that 3
parts by mass of the surface-treated molybdenum compound
powder of Example 2 was used instead of 3 parts by mass of
the surface-treated molybdenum compound powder of
Example 1.

Example 6

Operation was performed as in Example 4 except that 3
parts by mass of the surface-treated molybdenum compound
powder of Example 3 was used instead of 3 parts by mass of
the surface-treated molybdenum compound powder of
Example 1.

Example 7

Operation was performed as in Example 4 except that the
amount of the naphthol aralkyl-based phenolic resin (SN-
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495, manufactured by Nippon Steel Chemical Co., Ltd.,
hydroxyl group equivalent: 236 g/eq.) blended was changed
to 20 parts by mass, the amount of the biphenyl aralkyl-based
phenolic resin (KAYAHARD GPH-103) blended was
changed to 20 parts by mass, and 10 parts by mass of bis(3-
ethyl-5-methyl-4-maleimidiphenyl)methane (BMI-70,
manufactured by K.I Chemical Industry Co., Ltd.) was fur-
ther blended.

Example 8

Operation was performed as in Example 7 except that 10
parts by mass of a maleimide compound represented by the
above general formula (12) (BMI-2300, manufactured by
Daiwa Kasei Co., Ltd.) was used instead of 10 parts by mass
of bis(3-ethyl-5-methyl-4-maleimidiphenyl)methane (BMI-
70, manufactured by K.I Chemical Industry Co., Ltd.).

Example 9

Operation was performed as in Example 4 except that a
resin composition obtained by mixing 30 parts by mass of a
naphthalene skeleton-based phenolic resin (EPICLON HPC-
9500, manufactured by DIC Corporation, hydroxyl group
equivalent: 153 g/eq.), 30 parts by mass of a bipheny! aralkyl-
based phenolic resin (KAYAHARD GPH-103), 20 parts by
mass of a phenol biphenyl aralkyl-based epoxy resin (NC-
3000-FH), 20 parts by mass of a polyoxylnaphthylene-based
epoxy resin (HP-6000, epoxy equivalent: 277 g/eq.). 1 part by
mass of a wetting and dispersing agent (DISPERBYK-161,
manufactured by BYK Japan KK), 20 parts by mass of a
silicone powder (KMP-605, manufactured by Shin-Etsu
Chemical Co., Ltd.), 150 parts by mass of spherical silica
(SFP-130MC, manufactured by DENKI KAGAKU KOGYO
KABUSHIKI KAISHA), 3 parts by mass of the surface-
treated molybdenum compound powder of Example 1 (silica
film thickness 15 nm), and 0.03 parts by mass of imidazole
(2E4MZ, manufactured by SHIKOKU CHEMICALS COR-
PORATION) was used instead of the resin composition of
Example 4.

Example 10

Operation was performed as in Example 9 except that 3
parts by mass of the surface-treated molybdenum compound
powder of Example 2 was used instead of 3 parts by mass of
the surface-treated molybdenum compound powder of
Example 1.

Example 11

Operation was performed as in Example 4 except that a
resin composition obtained by mixing 20 parts by mass of
bis(3-ethyl-5-methyl-4-maleimidiphenyl)methane (BMI-70,
manufactured by K.I Chemical Industry Co. L.td.), 40 parts by
mass of the a-naphthol aralkyl-based cyanate ester com-
pound of Preparation Example 1 (cyanate equivalent: 261
g/eq.), 40 parts by mass of a phenol biphenyl aralkyl-based
epoxy resin (NC-3000-FH), 5 parts by mass of a wetting and
dispersing agent (DISPERBYK-161), 120 parts by mass of
spherical silica (SFP-130MC), 3 parts by mass of the surface-
treated molybdenum compound powder of Example 1 (silica
film thickness 15 nm), and 0.012 parts by mass of zinc octy-
late was used instead of the resin composition of Example 4.

Example 12

Operation was performed as in Example 11 except that 3
parts by mass of the surface-treated molybdenum compound
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powder of Example 2 was used instead of 3 parts by mass of
the surface-treated molybdenum compound powder of
Example 1.

Example 13

Operation was performed as in Example 11 except that the
blending of bis(3-ethyl-5-methyl-4-maleimidiphenyl)meth-
ane (BMI-70) was omitted, the amount of the a-naphthol
aralkyl-based cyanate ester compound of Preparation
Example 1 (cyanate equivalent: 261 g/eq.) blended was
changed to 50 parts by mass, and the amount of the phenol
biphenyl aralkyl-based epoxy resin (NC-3000-FH) blended
was changed to 50 parts by mass.

Comparative Example 1

Operation was performed as in Example 4 except that the
blending of the surface-treated molybdenum compound pow-
der of Example 1 was omitted. It was confirmed that Com-
parative Example 1 was inferior in hole position accuracy to
Example 4.

Comparative Example 2

Operation was performed as in Example 4 except that 3
parts by mass of zinc molybdate was used instead of 3 parts by
mass of the surface-treated molybdenum compound powder
of Example 1. It was confirmed that Comparative Example 2
was inferior in heat resistance to Example 4.

Comparative Example 3

Operation was performed as in Example 9 except that the
blending of the surface-treated molybdenum compound pow-
der of Example 1 was omitted. It was confirmed that Com-
parative Example 3 was inferior in hole position accuracy to
Example 9.

Comparative Example 4

Operation was performed as in Example 9 except that 3
parts by mass of zinc molybdate was used instead of 3 parts by
mass of the surface-treated molybdenum compound powder
of Example 1. It was confirmed that Comparative Example 4
was inferior in heat resistance to Example 9.

Comparative Example 5

Operation was performed as in Example 11 except that the
blending oldie surface-treated molybdenum compound pow-
der of Example 1 was omitted. It was confirmed that Com-
parative Example 5 was inferior in hole position accuracy to
Example 11.

Comparative Example 6

Operation was performed as in Example 11 except that 3
parts by mass of zinc molybdate was used instead of 3 parts by
mass of the surface-treated molybdenum compound powder
of Example 1. It was confirmed that Comparative Example 6
was inferior in heat resistance to Example 11.

Comparative Example 7

Operation was performed as in Example 4 except that the
blending of the surface-treated molybdenum compound pow-
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der of Example 1 and boehmite was omitted, and the amount
of the wetting and dispersing agent (BYK-W903, manufac-
tured by BYK Japan KK) blended was changed to 1.5 parts by
mass. It was confirmed that Comparative Example 7 was
inferior in hole position accuracy, thermal expansion coeffi-
cient, and flame retardancy to Example 4.

5
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The invention claimed is:

1. A surface-treated molybdenum compound powder hav-
ing at least part of a surface thereof coated with an inorganic
oxide, wherein the inorganic oxide is at least one selected
from the group consisting of Si0,, A120;, TiO,, ZnO, In,0;,
SnO,, NiO, CoO, V,05, CuO, MgO, and ZrO,.

TABLE 1
Example Example FExample Example Example Example Example Example FExample Example
4 5 6 7 8 9 10 11 12 13
Hole 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025 0.025
position
accuracy
Thermal 11.5 11.5 11.5 11.5 11.5 9.5 9.5 10.5 10.5 10.5
expansion
coefficient
Heat >30min >30min  >30min  >30min  >30min  >30min  >30min  >30min  >30min  >30 min
resistance
Flame V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0 V-0
retardancy
Unit
Thermal expansion coefficient: ppm/° C.
Hole position accuracy mm
TABLE 2
Comparative Comparative Comparative Comparative Comparative Comparative Comparative
Example 1 Example 2 Example 3 Example 4 Example 5 Example 6 Example 7
Hole position 0.05 0.025 0.09 0.025 0.07 0.025 0.045
accuracy
Thermal 11.5 11.5 9.5 9.5 10.5 10.5 12.5
expansion
coefficient
Heat >30 10 >30 5 >30 10 >30
resistance
Flame V-0 V-0 V-0 V-0 V-0 V-0 Complete
retardancy burning
Unit

Thermal expansion coefficient: ppm/° C.
Hole position accuracy: mm

As is clear from Tables 1 and 2, it was confirmed that the
laminates of Examples 4 to 13 had high heat resistance, a
small thermal expansion coefficient, and excellent drillabil-
ity, and moreover had high flame retardancy even without
using a halogen-based flame retardant or a phosphorus com-
pound as a flame retardant. Furthermore, it was confirmed
that in the laminates of Examples 4 to 13, all the performance
was achieved to a high degree, compared with the laminates
of Comparative Examples 1 to 7.

This application claims priority from Japanese Patent
Application No. 2011-208981 filed with the Japan Patent
Office on Sep. 26, 2011, the content of which is incorporated
herein by reference.

INDUSTRIAL APPLICABILITY

As described above, the present invention can be widely
and effectively utilized in various applications in which high
insulation properties, a low thermal expansion coefficient,
high heat resistance, or the like is required, such as electrical
and electronic materials, machine tool materials, and aviation
materials, for example, electrical insulating materials, semi-
conductor plastic packages, sealing materials, adhesives,
lamination materials, resists, and buildup laminate materials,
and can be especially effectively utilized in applications
involving machining, such as drilling, polishing, or grinding.
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2. The surface-treated molybdenum compound powder
according to claim 1, comprising:

a core particle comprising a molybdenum compound; and

the inorganic oxide formed on at least part of a surface of

the core particle.

3. The surface-treated molybdenum compound powder
according to claim 1, wherein the molybdenum compound is
at least one selected from the group consisting of zinc molyb-
date, molybdenum trioxide, ammonium molybdate, and a
molybdenum hydrate.

4. The surface-treated molybdenum compound powder
according to claim 1, wherein the inorganic oxide is at least
one selected from the group consisting of silica, titania, alu-
mina, and zirconia.

5. The surface-treated molybdenum compound powder
according to claim 1, wherein the inorganic oxide has a thick-
ness of 3 to 500 nm.

6. The surface-treated molybdenum compound powder
according to claim 2, wherein the core particle has an average
particle diameter of 0.1 to 30 pm.

7. A filler comprising the surface-treated molybdenum
compound powder according to claim 1.

8. A resin composition comprising the surface-treated
molybdenum compound powder according to claim 1 (A), an
epoxy resin (B), a curing agent (C), and an inorganic
filler (D).
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9. The resin composition according to claim 8, wherein a
content of the surface-treated molybdenum compound pow-
der (A) is 0.2 to 30 parts by mass based on 100 parts by mass
of a total of resin solid components.

10. The resin composition according to claim 8, wherein
the curing agent (C) is at least one selected from the group
consisting of a cyanate ester compound, a phenolic resin, and
a BT resin.

11. The resin composition according to claim 10, wherein
the cyanate ester compound is a naphthol aralkyl-based cyan-
ate ester compound represented by the following general
formula (8) and/or a phenol novolac-based cyanate ester com-
pound represented by the following general formula (9):

®

1 1
// R i “ //
= Il{u Il{u AN

q

wherein R'! each independently represents a hydrogen
atom or a methyl group, and q represents an integer of 1
or more;

OCN Rll OCN Rll
=X
\_/

wherein R'! each independently represents a hydrogen

atom or a methyl group, and q represents an integer of 1
or more.

12. The resin composition according to claim 10, wherein

the phenolic resin is at least one selected from the group
consisting of a cresol novolac-based phenolic resin, an ami-
notriazine novolac-based phenolic resin, a naphthalene-

based phenolic resin, a naphthol aralkyl-based phenolic resin

represented by the following general formula (10), and a
biphenyl aralkyl-based phenolic resin represented by the fol-
lowing general formula (11):

(10)

OH

12 R2
x R2 R2 AN

wherein R'? each independently represents a hydrogen

atom or a methyl group, and n represents an integer of 1
or more;
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wherein R'? each independently represents a hydrogen
atom or a methyl group, and n represents an integer of 1
or more.

13. The resin composition according to claim 12, wherein

the phenolic resin is a naphthol aralkyl-based phenolic resin
represented by the following general formula (10) and/or a

biphenyl aralkyl-based phenolic resin represented by the fol-
lowing general formula (11):

(10)

~

/7 \
-7
|\
7\
|7

RIZ

n

wherein R'? each independently represents a hydrogen

! I
RIZ

atom or a methyl group, and n represents an integer of 1
or more;
an
OH
RIZ /

lz\/

wherein R'? each independently represents a hydrogen
atom or a methyl group, and n represents an integer of 1
or more.

14. The resin composition according to claim 8, wherein
the epoxy resin (B) is an epoxy resin represented by the
following general formula (1) and/or the following general
formula (3a):

M

0—G R? R O0—G
I I ||

H—A:! C—ArP+-C—Ar! H
!RX AH !Rll X

n

wherein Ar' and Ar® each independently represent an aryl
group which is a substituent derived from a monocyclic
or polycyclic aromatic hydrocarbon that is a phenyl
group, a naphthyl group, or a biphenyl group, R* each
independently represents a hydrogen atom or a methyl
group, R* and R” each independently represent a hydro-
gen atom, an alkyl group, or an aryl group, m represents
an integer of 1 to 5, n represents an integer of 1 to 50, and
G represents a glycidyl group;
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R!

wherein R' each independently represents a hydrogen
atom or a methyl group, Ar® and Ar* each independently
represent a naphthylene group or a phenylene group,
both groups may each have an alkyl group having 1 to 4
carbon atoms or a phenylene group as a substituent, R>
each independently represents a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or an aralkyl group
represented by the following general formula (4), m and
n are each independently an integer of 0 to 4 provided
that either one of m and n is 1 or more, R? each indepen-
dently represents a hydrogen atom, an aralkyl group
represented by the following general formula (4), or an
epoxy group-containing aromatic hydrocarbon group
represented by the following general formula (5), where
in the above general formula (3a), a bonding position to
a naphthalene structure part may be either of two ben-
zene rings constituting the naphthalene structure part;

Q)

(2

wherein R* and R® each independently represent a hydro-
gen atom or a methyl group, Ar® represents a phenylene
group, a phenylene group or a naphthylene group in
which 1 to 3 hydrogen atoms are each nucleus-replaced
by an alkyl group having 1 to 4 carbon atoms, or a
naphthylene group in which 1 to 3 hydrogen atoms are

w
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each nucleus-replaced by an alkyl group having 1 to 4
carbon atoms, and o is a number 0f 0.1 to 4 on average;

®)

RS

wherein R® represents a hydrogen atom or a methyl group,
Ar® represents a naphthylene group or a naphthylene
group having an alkyl group having 1 to 4 carbon atoms,
an aralkyl group, or a phenylene group as a substituent,
and p is an integer of 1 or 2.

15. The resin composition according to claim 8, further
comprising a maleimide compound (E).

16. The resin composition according to claim 8, wherein a
content of the epoxy resin (B) is 5 to 60 parts by mass based
on 100 parts by mass of the total of the resin solid compo-
nents.

17. The resin composition according to claim 8, wherein a
content of the curing agent (C) is 10 to 70 parts by mass based
on 100 parts by mass of the total of the resin solid compo-
nents.

18. A prepreg obtained by impregnating or coating a sub-
strate with the resin composition according to claim 8.

19. A laminate obtained by laminating and molding the
prepreg according to claim 18.

20. A metal foil-clad laminate obtained by laminating and
molding the prepreg according to claim 18 and a metal foil.

21. A printed wiring board comprising an insulating layer
and a conductor layer formed on a surface of the insulating
layer, wherein

the insulating layer comprises the resin composition

according to claim 8.
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